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(57) ABSTRACT

There is provided a receiver including a first delay time cal-
culating unit configured to calculate a first delay time indi-
cating a time lag between transmission of a transmission
signal by a transmitter and reception of the transmission
signal by the receiver, a second delay time calculating unit
configured to calculate a second delay time indicating a time
lag between transmission of a response signal by the receiver
and reception of the response signal by the transmitter, and a
time difference calculating unit configured to calculate a time
difference between a time of a clock in the transmitter and a
time of a clock in the receiver.

6 Claims, 15 Drawing Sheets
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RECEIVER, METHOD OF CALCULATING
TIME DIFFERENCE, AND PROGRAM

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application claims priority to Japanese Priority
Patent Application JP 2013-121589 filed in the Japan Patent
Office on Jun. 10, 2013, the entire content of which is hereby
incorporated by reference.

BACKGROUND

The present disclosure relates to a receiver, a method of
calculating time difference, and a program.

A mode based on the IEEE 1588 Precision Time Protocol
(PTP) standard may be exemplified as a method of correcting
the time of a clock in a receiver using communication
between the receiver and a transmitter. In addition, a tech-
nique disclosed in JP 2010-232845A is exemplified as a tech-
nology for correcting the time of a clock in a receiver using
synchronous packets.

SUMMARY

When a communication mode based on IEEE1588 PTP
standard is employed, it is necessary that a time lag between
transmission of a transmission signal by a transmitter and
reception of the transmission signal by a receiver (hereinafter
sometimes referred to as “forward-path delay time”) is equal
to atime lag between transmission of a response signal by the
receiver and reception of the response signal by the transmit-
ter (hereinafter sometime referred to as “return-path delay
time”), or the average value of forward-path delay time is
equal to that of return-path delay time. However, in an actual
network in which communication between a receiver and a
transmitter is performed, the forward-path delay time is less
likely to be equal to the return-path delay time or the average
value of a forward-path delay time is less likely to be equal to
the average value of a return-path delay time. Thus, even
when a communication mode based on the IEEE1588 PTP
standard is employed, it is not necessarily that the time of a
clock in a receiver can be corrected more accurately.

Furthermore, in the technique, for example, disclosed in JP
2010-232845A, the receiver estimates the forward-path delay
time by performing cumulative operation on the difference
between reception and transmission time differences of tem-
porally adjacent synchronization control packets. Thus, when
the technique, for example, disclosed in JP 2010-232845A is
employed, it is possible to estimate a delay time in the com-
munication between the receiver and the transmitter by using
only the forward-path delay time. However, when the tech-
nique, for example, disclosed in JP 2010-232845A is
employed, it is necessary to provide a minimum value of the
delay time to the receiver in advance as a condition for esti-
mating the delay time. Thus, even when the technique, for
example, disclosed in JP 2010-232845A is employed, it is not
necessarily that the time of a clock in a receiver can be
corrected more accurately by using a minimum value of the
delay time prepared in advance.

Embodiments of the present disclosure provide a novel and
improved receiver, method of calculating time difference, and
program, capable of calculating time difference between the
time of a clock in a transmitter and the time of a clock in the
receiver.

According to an embodiment of the present disclosure,
there is provided a receiver including a first delay time cal-
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2

culating unit configured to calculate a first delay time indi-
cating a time lag between transmission of a transmission
signal by a transmitter and reception of the transmission
signal by the receiver based on first time information indicat-
ing a time at which the transmitter transmits the transmission
signal and second time information indicating a time at which
the receiver receives the transmission signal, a second delay
time calculating unit configured to calculate a second delay
time indicating a time lag between transmission of a response
signal by the receiver and reception of the response signal by
the transmitter based on third time information indicating a
time at which the receiver transmits the response signal cor-
responding to the transmission signal and fourth time infor-
mation indicating a time at which the transmitter receives the
response signal, and a time difference calculating unit con-
figured to calculate a time difference between a time of a
clock in the transmitter and a time of a clock in the receiver
based on the calculated first delay time and the calculated
second delay time. The time difference calculating unit cal-
culates a fixed delay component in the first delay time and the
second delay time as the time lag using a logical operation
without using a filter.

According to an embodiment of the present disclosure,
there is provided a method of calculating time difference, the
method including calculating a first delay time indicating a
time lag between transmission of a transmission signal by a
transmitter and reception of the transmission signal by a
receiver based on first time information indicating a time at
which the transmitter transmits the transmission signal and
second time information indicating a time at which the
receiver receives the transmission signal, calculating a second
delay time indicating a time lag between transmission of a
response signal by the receiver and reception of the response
signal by the transmitter based on third time information
indicating a time at which the receiver transmits the response
signal corresponding to the transmission signal and fourth
time information indicating a time at which the transmitter
receives the response signal, and calculating a time difference
between a time of a clock in the transmitter and a time of a
clock in the receiver based on the calculated first delay time
and the calculated second delay time. In the step of calculat-
ing the time difference, a fixed delay component in the first
delay time and the second delay time is calculated as the time
lag using a logical operation without using a filter.

According to an embodiment of the present disclosure,
there is provided a program for causing a computer to execute
calculating a first delay time indicating a time lag between
transmission of a transmission signal by a transmitter and
reception of the transmission signal by a receiver based on
first time information indicating a time at which the transmit-
ter transmits the transmission signal and second time infor-
mation indicating a time at which the receiver receives the
transmission signal, calculating a second delay time indicat-
ing a time lag between transmission of a response signal by
the receiver and reception of the response signal by the trans-
mitter based on third time information indicating a time at
which the receiver transmits the response signal correspond-
ing to the transmission signal and fourth time information
indicating a time at which the transmitter receives the
response signal, and calculating a time difference between a
time of a clock in the transmitter and a time of a clock in the
receiver based on the calculated first delay time and the cal-
culated second delay time. In the step of calculating the time
difference, a fixed delay component in the first delay time and
the second delay time is calculated as the time lag using a
logical operation without using a filter.
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According to one or more embodiments of the present
disclosure, it is possible to calculate time difference between
the time of a clock in a transmitter and the time of a clock in
the receiver.

Additional features and advantages are described herein,
and will be apparent from the following Detailed Description
and the figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a diagram for explaining a mode based on the
IEEE1588 PTP standard;

FIG. 2 is a block diagram illustrating an exemplary con-
figuration of a receiver intended for solving potential prob-
lems caused when the mode based on the IEEE1588 PTP
standard is used;

FIG. 3 is a block diagram illustrating an exemplary con-
figuration of an offset calculating unit included in the receiver
using the mode based on the IEEE1588 PTP standard;

FIG. 4 is a block diagram illustrating an exemplary con-
figuration of the receiver according to a first embodiment;

FIG. 5 is a block diagram illustrating an exemplary con-
figuration of an offset calculating unit included in the receiver
according to the first embodiment;

FIG. 6 is a diagram for explaining an example of the pro-
cedure of a process in the offset calculating unit included in
the receiver according to the first embodiment;

FIG. 7 is a diagram for explaining an example of the pro-
cedure of a process in the offset calculating unit included in
the receiver according to the first embodiment;

FIG. 8 is a diagram for explaining an example of the pro-
cedure of a process in the offset calculating unit included in
the receiver according to the first embodiment;

FIG. 9 is a block diagram illustrating an exemplary con-
figuration of a receiver according to a second embodiment;

FIG. 10 is a block diagram illustrating an exemplary con-
figuration of an offset calculating unit included in the receiver
according to the second embodiment;

FIG. 11 is a block diagram illustrating an exemplary con-
figuration of an offset calculating unit included in the receiver
according to the second embodiment;

FIG. 12 is a block diagram illustrating an exemplary con-
figuration of an offset calculating unit included in the receiver
according to the second embodiment;

FIG. 13 is a block diagram illustrating an exemplary con-
figuration of an offset calculating unit included in the receiver
according to the second embodiment;

FIG. 14 is a graph for explaining an example of a simula-
tion result obtained from the process in the offset calculating
unit included in the receiver according to the second embodi-
ment and the process in the offset calculating unit and a noise
reduction filter unit included in the receiver shown in FIG. 2;
and

FIG. 15 is a graph for explaining an example of a simula-
tion result obtained from the process in the offset calculating
unit included in the receiver according to the second embodi-
ment and the process in the offset calculating unit and a noise
reduction filter unit included in the receiver shown in FIG. 2.

DETAILED DESCRIPTION

Hereinafter, preferred embodiments of the present disclo-
sure will be described in detail with reference to the appended
drawings. Note that, in this specification and the appended
drawings, structural elements that have substantially the same
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function and structure are denoted with the same reference
numerals, and repeated explanation of these structural ele-
ments is omitted.

The description will be made in the following order.

1. Method of calculating time difference according to an
embodiment of the present disclosure

2. Receiver according to an embodiment of the present
disclosure

3. Program according to an embodiment of the present
disclosure

(Method of Calculating Time Difference According to an
Embodiment of the Present Disclosure)

Prior to the description of the configuration of a receiver
according to an embodiment of the present disclosure, a
method of calculating time difference according to an
embodiment of the present disclosure will be described first.
In the following, the method of calculating time difference
according to an embodiment of the present disclosure will be
described by exemplifying a case where a receiver according
to an embodiment of the present disclosure carries out a
process for the method of calculating time difference accord-
ing to an embodiment of the present disclosure.

[1] Example of Problem in Case of Using Technique in
Related Art

As described above, if the mode based on the IEEE1588
PTP standard or the related art including the technique dis-
closed in JP 2010-232845A is used, it is not necessarily that
the time of a clock in a receiver can be corrected more accu-
rately. Prior to the description of the method of calculating
time difference according to an embodiment of the present
disclosure, the mode based on the IEEE1588 PTP standard
that is one method of correcting the time of a clock in a
receiver through an asynchronous network and an example of
problems caused by the mode will be described in more
detail.

In the IEEE1588 PTP standard, synchronization between
the time of a clock in a transmitter and the time of a clock in
areceiver is achieved by transmitting and receiving four types
of messages between a transmitter and a receiver. These four
types of messages are a synchronization message (hereinafter
sometimes referred to as a “Sync” message), a follow-up
message (hereinafter sometimes referred to as a “FollowUp”
message), a delay request message (hereinafter sometimes
referred to as a “DelayRequest” message), and a delay
response message (hereinafter sometimes referred to as a
“DelayResponse” message).

FIG. 1 is a diagram for explaining a mode based on the
IEEE1588 PTP standard.

A transmitter sends a Sync message to a receiver to inform
the receiver of the initiation of a time synchronization opera-
tion (S100).

When the receiver receives the Sync message sent from the
transmitter in step S100, the receiver specifies a Sync recep-
tion time t2 that is the time of reception of the Sync message
measured by a clock in the receiver and uses time information
indicating the Sync reception time t2 (corresponding to sec-
ond time information according to an embodiment of the
present disclosure as described later) for processing.

The transmitter also sends a FollowUp message to the
receiver after the transmission of the Sync message to inform
the receiver of initiation time information of the time syn-
chronization operation (S102). Here, the FollowUp message
sent in this step S102 includes, for example, time information
indicating a Sync transmission time t1 (corresponding to first
time information according to an embodiment of the present
disclosure as described later) that is the time of transmission
of'the Sync message measured by a clock in the transmitter.
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When the receiver receives the FollowUp message sent
from the transmitter in step S102, the receiver sends a
DelayRequest message to the transmitter for requiring the
transmitter to send a DelayResponse message (S104). Here,
the DelayRequest message corresponds to a response signal
according to an embodiment of the present disclosure as
described later. In addition, the receiver specifies a DelayRe-
quest transmission time t3 that is the time of transmission of
the DelayRequest message measured by a clock in the
receiver and uses time information indicating the DelayRe-
quest transmission time t3 (corresponding to third time infor-
mation according to an embodiment of the present disclosure
as described later) for processing.

When the transmitter receives the DelayRequest message
sent from the receiver in step S104, the transmitter sends a
DelayResponse message to the receiver in response to the
received DelayRequest message (S106). Here, the transmitter
specifies a DelayRequest reception time t4 that is the time of
reception of the DelayRequest message measured by a clock
in the transmitter. Then, the transmitter sends the DelayRe-
sponse message that includes time information indicating the
DelayRequest reception time t4 (corresponding to fourth time
information according to an embodiment of the present dis-
closure as described later) to the receiver.

For example, the transmission and reception of signals as
illustrated in FIG. 1 are performed between the receiver and
the transmitter, and thus the receiver uses the Sync transmis-
sion time t1, the Sync reception time t2, the DelayRequest
transmission time t3, and the DelayRequest reception time t4
for processing.

More specifically, when it is assumed that a forward-path
delay time is equal to a return-path delay time on a condition
that a clock frequency of a clock in a transmitter is coincident
with that of a clock in a receiver by using a mechanism (will
be described later) for allowing the clock frequencies of
clocks of the transmitter and the receiver to be coincident with
each other, the following Equations (1) and (2) are satisfied.
Here, in Equations (1) and (2), “offset” represents the time
difference between a clock in a transmitter and a clock in a
receiver.

12—t1=delay time+offset

M

t4—t3=delay Time—offset 2)

The receiver, when using the mode based on the IEEE1588
PTP standard, calculates time difference between a clock in a
transmitter and a clock in a receiver by calculating “offset”
represented in Equations (1) and (2) using, for example, the
following Equation (3). Then, the receiver, when using the
mode based on the IEEE1588 PTP standard, achieves the
synchronization between clocks in the transmitter and the
receiver by correcting a clock in the receiver using the calcu-
lated time difference.

offset={(r2-11)-(4-13) }x(12) 3)

When the mode based on the IEEE1588 PTP standard is
used, an offset, that is, the time difference between clocks in
the transmitter and the receiver is determined, for example,
using the operation shown in Equation (3). In an actual net-
work in which communication is performed between a trans-
mitter and a receiver, however, a forward-path delay time is
less likely to be equal to a return-path delay time, or an
average value of the forward-path delay time is less likely to
be equal to an average value of the return-path delay time. In
other words, even when it is assumed that an average value of
the forward-path delay time is equal to that of the return-path
delay time, in an actual network in which a transmitter and a
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receiver communicate with each other, the forward-path
delay time and the return-path delay time will vary for each
packet.

Thus, even when time difference between clocks in the
transmitter and the receiver which is calculated using the
mode based on the IEEE1588 PTP standard (hereinafter, such
time difference is sometimes referred simply to as “offset”) is
used, it is not necessarily that the time of a clock in a receiver
can be corrected more accurately.

[1I] Example of Method for Solving Problems Caused by
the Use of Technique in Related Art

When the mode based on the IEEE1588 PTP standard is
used, amethod of reducing the influence caused by a potential
change in a forward-path delay time and a return-path delay
time for each packet may include an approach for causing a
noise reduction filter such as a low-pass filter to work on a
calculated offset.

FIG. 2 is a block diagram illustrating an exemplary con-
figuration of a receiver 10 intended for solving problems that
may be caused when the mode based on the IEEE1588 PTP
standard is used. In FIG. 2, there is also illustrated a network
90 through which the receiver communicates with a transmit-
ter. Alternatively, the receiver 10 may be configured to per-
form a direct communication with a transmitter without
through the network 90.

Examples of the network 90 include a wired network such
as alocal area network (LAN) or a wide area network (WAN),
a wireless network such as a wireless local area network
(Wireless LAN or simply WLAN) or a wireless wide area
network (Wireless WAN or simply WWAN) using a base
station, and the Internet using a communication protocol such
as Transmission Control Protocol/Internet Protocol (TCP/
P).

The receiver 10 is configured to include, for example, a
network interface 12, a synchronization control packet
receiving unit 14, a forward-path delay time calculating unit
16, a frequency error calculating unit 18, a frequency error
determining unit 20, a noise reduction filter unit 22, a PID
control unit 24, a synchronization control packet transmitting
unit 26, a return-path delay time calculating unit 28, an offset
calculating unit 30, a noise reduction filter unit 32, a PID
control unit 34, a clock generating unit 36, and a counter 38.

Furthermore, the receiver 10 may be configured to include
a controller (not shown) that is configured to include a micro
processing unit (MPU) or various types of processing circuits
for controlling the entire receiver 10, or include a time infor-
mation generating unit (not shown) that generates time infor-
mation. In addition, the receiver 10 may be configured to
include a timing signal generating unit (not shown) that gen-
erates a timing signal used to synchronize and process various
types of signals such as image signals.

The network interface 12 is a communication mechanism
that performs communication with a transmitter via the net-
work 90 (or directly without through the network). The
receiver 10 receives messages such as Sync, FollowUp, and
DelayResponse shown in FIG. 1 via the network interface 12
and sends a DelayRequest message shown in FIG. 1. The
DelayRequest message is sent by the synchronization control
packet transmitting unit 26. In addition, the synchronization
control packet transmitting unit 26 transmits time informa-
tion, which indicates the time t3 when the DelayRequest
message is sent, to the return-path delay time calculating unit
28.

Examples of the network interface 12 include a LAN ter-
minal and transmitting/receiving circuit, a communication
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antenna and RF circuit, an IEEE802.15.1 port and transmit-
ting/receiving circuit, an IEEE802.11b port and transmitting/
receiving circuit, and so on.

The synchronization control packet receiving unit 14 trans-
mits a Sync or FollowUp message received by the network
interface 12 to the forward-path delay time calculating unit 16
and transmits a DelayResponse message received by the net-
work interface 12 to the return-path delay time calculating
unit 28.

The forward-path delay time calculating unit 16 is config-
ured to include, for example, an adder to perform the opera-
tion shown in Equation (1). The forward-path delay time
calculating unit 16 transmits an operation result obtained by
Equation (1) to the frequency error calculating unit 18 for
calculating a frequency error and the offset calculating unit 30
for calculating an offset.

The receiver 10 has a control system in which the operation
result obtained by Equation (1) and received by the frequency
error calculating unit 18 is transmitted through the noise
reduction filter unit 22, the PID control unit 24, the clock
generating unit 36, and the counter 38 and is fed back to the
forward-path delay time calculating unit 16. Here, the control
system corresponds to a mechanism provided in the receiver
10 for allowing clock frequencies of a clock in a transmitter
and a clock in the receiver to be coincident with each other.

Here, the noise reduction filter unit 22 is configured to
include a noise reduction filter such as a low-pass filter and
eliminates noises contained in the frequency error transmitted
from the frequency error calculating unit 18. The PID control
unit 24 performs the proportional-integral-derivative (PID)
control.

The clock generating unit 36 includes a voltage-controlled
oscillator (VCO) or the like to generate a clock signal. Here,
a clock signal generated by the clock generating unit 36 can
be used as a processing clock for processing various types of
signals such as image signals.

The counter 38 updates a count value based on a clock
signal to be transmitted. The count value of the counter 38 can
be used to generate time information in a time information
generating unit (not shown) or used to generate a timing
signal in a timing signal generating unit (not shown).

The operation result of the frequency error calculating unit
18 is also transmitted to the frequency error determining unit
20, and the frequency error determining unit 20 controls
operations of the PID control unit 24 and the PID control unit
34 at the time when it is checked that the operation result falls
within a given frequency pull-in range. The frequency error
determining unit 20 corresponds to a mechanism for causing
the time control to be preceded by the clock frequency control
in the receiver 10.

The return-path delay time calculating unit 28 is config-
ured to include, for example, an adder to perform the opera-
tion shown in Equation (2). The return-path delay time cal-
culating unit 26 transmits the operation result obtained by
Equation (2) to the offset calculating unit 30.

The offset calculating unit 30 calculates an offset based on
the operation result obtained by Equation (1) and transmitted
from the forward-path delay time calculating unit 16, that is,
a forward-path delay time and the operation result obtained
by Equation (2) and transmitted from the return-path delay
time calculating unit 28, that is, a return-path delay time. The
offset calculating unit 30 calculates an offset by performing
the operation shown in Equation (3).

FIG. 3 is a block diagram illustrating an exemplary con-
figuration of the offset calculating unit 30 included in the
receiver 10 using the mode based on the IEEE1588 PTP
standard. In FIG. 3, “A21(j)” represents a forward-path delay
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8
time for a packet j (where j is positive integer), and “A43(j)”
represents a return-path delay time for the packet j. Addition-
ally, in FIG. 3, a calculated offset to be outputted from the
offset calculating unit 30 is represented as “Offset”.

The offset calculating unit 30 is configured to include an
adder 50 and a multiplier 52. The adder 50 calculates a dif-
ference value between a forward-path delay time and a return-
path delay time. The multiplier 52 multiplies the calculated
difference value by %%.

Note that, the configuration of the offset calculating unit 30
is not limited to the above-described configuration. For
example, the offset calculating unit 30 may be configured to
include a divider that divides a calculated difference value by
2 instead of the multiplier 52.

The offset calculating unit 30 performs the operation
shown in Equation (3), for example, by employing the con-
figuration illustrated in FIG. 3.

An exemplary configuration of the receiver 10 will be
described with reference back to FIG. 2. The receiver 10 has
a control system in which the operation result obtained by
Equation (3) in the offset calculating unit 30 is transmitted
through the noise reduction filter unit 32, the PID control unit
34, the clock generating unit 36, and the counter 38 and is fed
back to the return-path delay time calculating unit 28.

In this control system, the noise reduction filter unit 32 is
configured to include a noise reduction filter such as a low-
pass filter to eliminate noises contained in the operation
result, that is, the offset obtained by Equation (3) and trans-
mitted from the offset calculating unit 30. The PID control
unit 34 performs the PID control.

The receiver 10 implements the mode based on the
IEEE1588 PTP standard, for example, by employing the con-
figuration illustrated in FIG. 2. In addition, the receiver 10
causes the noise reduction filter unit 32 to work on the opera-
tion result, that is, the offset obtained by Equation (3) in the
offset calculating unit 30, and thus it is possible to reduce the
influence caused by a potential change in a forward-path
delay time and a return-path delay time for each packet.

However, when a method intended for solving problems
caused by using the mode based on the IEEE1588 PTP stan-
dard is used, for example, as illustrated in FIG. 2, the receiver
10 is necessary to be provided with the noise reduction filter
unit 32, and thus a delay in the control of the receiver 10 is
more likely to occur due to the process in the noise reduction
filter unit 32. In addition, the difference between average
values of a forward-path delay time (delay time taken from a
transmitter to areceiver) and the return-path delay time (delay
time taken from a receiver to a transmitter) may be an offset
error.

Thus, for example, even when a method intended for solv-
ing problems caused by using the mode based on the
IEEE1588 PTP standard is used, it is not necessarily that the
time of a clock in a receiver can be corrected more accurately.

Moreover, as described above, for example, when the tech-
nique disclosed in JP 2010-232845A is used, it will be nec-
essary to provide the minimum value of a delay time to the
receiver in advance as a condition for estimating the delay
time. Thus, for example, even when the technique disclosed
in JP2010-232845A is used, it is not necessarily that the time
of'a clock in a receiver can be corrected more accurately by
using the minimum value of the delay time provided in
advance.

[1IT] Overview of Method of Calculating Time Difference
According to an Embodiment of the Present Disclosure

Ifthe delay of a network is considered to be classified into
two components of a fixed delay component and a variable
delay component, then the fixed delay component may cor-
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respond to a minimum delay time when there is no influence
of the output queue delay of a switch and the variable delay
component may correspond to the magnitude to be influenced
by the output queue delay of a switch. For example, as in the
case of using the method intended for solving problems
caused by using the mode based on the IEEE1588 PTP stan-
dard, the receiver according to an embodiment of the present
disclosure calculates a fixed delay component in a first delay
time corresponding to the forward-path delay time and a
second delay time corresponding to the return-path delay
time as “time difference between the time of a clock in a
transmitter and the time of a clock in a receiver” (hereinafter
sometimes referred simply to as “time difference”) by using a
logical operation without being provided with any noise
reduction filter such as a low-pass filter.

More specifically, the receiver according to an embodi-
ment of the present disclosure calculates “time difference
between the time of a clock in a transmitter and the time of a
clock in a receiver” by, for example, using (1) a process of
calculating a first delay time, (2) a process of calculating a
second delay time, and (3) a process of calculating time
difference, which are described below.

(1) Process of Calculating First Delay Time

The receiver according to an embodiment of the present
disclosure calculates the first delay time indicating a time lag
between transmission of a transmission signal and reception
of the transmission signal by the receiver. The receiver
according to an embodiment of the present disclosure calcu-
lates the first delay time based on, for example, the first time
information indicating a time at which a transmitter sends a
transmission signal and the second time information indicat-
ing a time at which the receiver receives the transmission
signal.

More specifically, the receiver according to an embodi-
ment of the present disclosure performs the operation, for
example, shown in Equation (1) as a process related to the
process of calculating the first delay time. In Equation (1), t1
corresponds to the time indicated by the first time informa-
tion, and t2 corresponds to the time indicated by the second
time information. In other words, the first delay time accord-
ing to an embodiment of the present disclosure corresponds to
the forward-path delay time.

Here, examples of the transmission signal according to an
embodiment of the present disclosure include the Sync mes-
sage shown in FIG. 1, and time information indicating the
Sync reception time t2 shown in FIG. 1 corresponds to the
second time information. In addition, time information indi-
cating the Sync transmission time t1 contained in the Fol-
lowUp message shown in FIG. 1 corresponds to the first time
information. The transmission signal, the first time informa-
tion and the second time information according to an embodi-
ment of the present disclosure are, of course, not limited to the
application of signals transmitted or received using the com-
munication based on the IEEE1588 PTP standard in FIG. 1.

(2) Process of Calculating Second Delay Time

The receiver according to an embodiment of the present
disclosure calculates the second delay time indicating a time
lag between transmission of a transmission signal by a
receiver and reception of a response signal corresponding to
the transmission signal by a transmitter. The receiver accord-
ing to an embodiment of the present disclosure calculates the
second delay time, for example, based on the third time infor-
mation indicating a time at which the receiver transmits the
response signal and the fourth time information indicating a
time when the transmitter receives the response signal.

More specifically, the receiver according to an embodi-
ment of the present disclosure performs the operation, for
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example, shown in Equation (2) as a process related to the
process of calculating the second delay time. In Equation (2),
3 corresponds to the time indicated by the third time infor-
mation, and t4 corresponds to the time indicated by the fourth
time information. In other words, the second delay time
according to an embodiment of the present disclosure corre-
sponds to the return-path delay time.

Here, examples of the response signal according to an
embodiment of the present disclosure include the DelayRe-
quest message shown in FIG. 1, and time information indi-
cating the DelayRequest transmission time t3 shown in FIG.
1 corresponds to the third time information. In addition, for
example, time information indicating the DelayRequest
reception time t4 contained in the DelayResponse message
shown in FIG. 1 corresponds to the fourth time information.
The response signal, the third time information and the fourth
time information according to an embodiment of the present
disclosure are, of course, not limited to the application of
signals transmitted or received using the communication
based on the IEEE1588 PTP standard in FIG. 1.

(3) Process of Calculating Time Difference

The receiver according to an embodiment of the present
disclosure calculates time difference based on the first delay
time calculated by the process of (1) (the process of calculat-
ing the first delay time) and the second delay time calculated
by the process of (2) (the process of calculating the second
delay time). Here, in the process of calculating the time dif-
ference, a fixed delay component in the first delay time and
the second delay time is calculated as a time lag by using a
logical operation without using any filter. In addition, in the
process of calculating the time difference, it is not necessary
to know a minimum value of a delay time in advance, unlike
the technique, for example, disclosed in JP 2010-232845A. A
specific example of the process of calculating the time differ-
ence according to an embodiment of the present disclosure
will be described later.

The receiver according to an embodiment of the present
disclosure calculates “time difference between the time of a
clock in a transmitter and the time of a clock in a receiver”, for
example, by performing the process of (1) (the process of
calculating the first delay time), the process of (2) (the process
of calculating the second delay time), and the process of (3)
(the process of calculating time difference) as the process
related to the method of calculating time difference according
to an embodiment of the present disclosure.

Here, in the process of (3) (the process of calculating time
difference), the receiver according to an embodiment of the
present disclosure calculates a fixed delay component in the
first delay time and the second delay time as a time lag using
a logical operation without using any filter. Thus, the receiver
according to an embodiment of the present disclosure can
prevent such control delay due to the process using a filter or
occurrence of an offset error as the case of using the method
intended for solving problems caused by suing the mode
based on the IEEE1588 PTP standard.

Furthermore, in the process of (3) (the process of calculat-
ing time difference), the receiver according to an embodiment
of'the present disclosure is not necessary to know previously
those such as a minimum value of delay time, and thus the
time difference is more likely to be calculated more accu-
rately than in the case of using the technique, for example,
disclosed in JP 2010-232845A.

Therefore, the receiver according to an embodiment of the
present disclosure can calculate time difference between the
time of a clock in a transmitter and the time of a clock in the
receiver more accurately.
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Note that, the process related to the method of calculating
time difference according to an embodiment of the present
disclosure is not limited to the process of (1) (the process of
calculating the first delay time) through the process of (3) (the
process of calculating time difference).

For example, the receiver according to an embodiment of
the present disclosure may further perform a process of cor-
recting the time of a clock in the receiver (a correction pro-
cess) based on the time difference calculated by performing
the process of (3) (the process of calculating time difference).

Here, examples of the correction process according to an
embodiment of the present disclosure may include a process
of adjusting a clock signal used to control a count value of a
counter based on the calculated time difference (a process of
correcting a value of a counter indirectly) and a process of
rewriting a value of a counter based on the calculated time
difference (a process of correcting a value of a counter
directly).

For example, as illustrated with reference to FIG. 2, a value
of'a counter (a count value) included in the receiver is used to
generate time information. Thus, the receiver according to an
embodiment of the present disclosure can correct the time of
a clock in the receiver by changing a value of a counter
directly or indirectly in the correction process according to an
embodiment of the present disclosure.

(Receiver According to an Embodiment of the Present
Disclosure)

Next, an exemplary configuration of the receiver according
to an embodiment of the present disclosure capable of per-
forming the process related to the method of calculating time
difference according to an embodiment of the present disclo-
sure described above will be described.

In the following, the description will be given taking a case
where the receiver and the transmitter according to an
embodiment of the present disclosure perform, for example,
the reception and transmission of signals based on the
IEEE1588 PTP standard illustrated in FIG. 1 as an example.
Note that, the signal that is received and transmitted between
the receiver and the transmitter according to an embodiment
of the present disclosure is, of course, not limited to signals
based on the IEEE1588 PTP standard illustrated in FIG. 1.

Receiver According to First Embodiment

FIG. 4 is a block diagram illustrating an exemplary con-
figuration of the receiver 100 according to a first embodiment.
FIG. 4 also illustrates a network 90 through which the
receiver communicates with a transmitter. Note that, the
receiver 100 may be configured to perform a direct commu-
nication with a transmitter, for example, without through the
network 90.

The receiver 100 is configured to include, for example, a
network interface 102, a synchronization control packet
receiving unit 104, a forward-path delay time calculating unit
106 (a unit for calculating a first delay time, or simply a first
delay time calculating unit), a frequency error calculating unit
108, a frequency error determining unit 110, a noise reduction
filter unit 112, a PID control unit 114, a synchronization
control packet transmitting unit 116, a return-path delay time
calculating unit 118 (a unit for calculating a second delay
time, or simply a second delay time calculating unit), an offset
calculating unit 120 (a time difference calculating unit), a PID
control unit 122, a clock generating unit 124, and a counter
126.

Furthermore, the receiver 100 is configured to include, for
example, a controller (not shown) that includes an MPU or
various types of processing circuits for controlling the entire
receiver 100, or include a time information generating unit
(not shown) that generates time information. In addition, the
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receiver 100 may be configured to include, for example, a
timing signal generating unit (not shown) that generates a
timing signal used to synchronize and process various types
of signals such as image signals.

Here, in FIG. 4, the forward-path delay time calculating
unit 106, the return-path delay time calculating unit 118, and
the offset calculating unit 120 are used to perform the process
of (1) (the process of calculating the first delay time), the
process of (2) (the process of calculating the second delay
time), and the process of (3) (the process of calculating the
time difference), respectively, for the method of calculating
time difference according to an embodiment of the present
disclosure.

Moreover, in FIG. 4, for example, the PID control unit 122,
the clock generating unit 124, and the counter 126 serve as a
correction unit 128 that performs the correction process in
accordance with the method of calculating time difference
according to an embodiment of the present disclosure.

Furthermore, the network interface 102, the synchroniza-
tion control packet receiving unit 104, the frequency error
calculating unit 108, the frequency error determining unit
110, the noise reduction filter unit 112, the PID control unit
114, and the synchronization control packet transmitting unit
116 are similar in structure and function to the network inter-
face 12, the synchronization control packet receiving unit 14,
the frequency error calculating unit 18, the frequency error
determining unit 20, the noise reduction filter unit 22, the PID
control unit 24, and the synchronization control packet trans-
mitting unit 26, respectively, which are illustrated in FIG. 2.

Structural elements used to perform the method of calcu-
lating time difference according to an embodiment of the
present disclosure in the receiver 100 will be described below,
and explanation of structural elements that have a structure
and function similar to that of the receiver 10 illustrated in
FIG. 2 is omitted.

[1-1] Configuration Related to Calculation of Time Differ-
ence (an Offset) Between the Time ofa Clock in a Transmitter
and the Time of a Clock in a Receiver

The forward-path delay time calculating unit 106 serves to
perform the process of (1) (the process of calculating the first
delay time) and calculates the first delay time based on the
time t1 indicated by the first time information and the time t2
indicated by the second time information.

More specifically, the forward-path delay time calculating
unit 106 is configured to include, for example, an adder to
perform an operation shown in Equation (4) (the equation
equivalent to Equation (1)) which will be described later.
Then, the forward-path delay time calculating unit 106 trans-
mits an operation result A21(j) obtained by Equation (4)
described later to the offset calculating unit 120 or the like as
the first delay time.

The return-path delay time calculating unit 118 serves to
perform the process of (2) (the process of calculating the
second delay time) and calculates the second delay time
based on the time t3 indicated by the third time information
and the time t4 indicated by the fourth time information.

More specifically, the return-path delay time calculating
unit 118 is configured to include, for example, an adder to
perform the operation shown in Equation (5) (the equation
equivalent to Equation (2)) which will be described later.
Then, the return-path delay time calculating unit 118 trans-
mits an operation result A43(j) obtained by Equation (5)
described later to the offset calculating unit 120 as the second
delay time.

The offset calculating unit 120 serves to perform the pro-
cess of (3) (the process of calculating time difference) and
calculates “time difference between the time of a clock in a
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transmitter and the time of a clock in a receiver” based on the
first delay time calculated by the forward-path delay time
calculating unit 106 and the second delay time calculated by
the return-path delay time calculating unit 118.

The process for performing the method of calculating time
difference according to an embodiment of the present disclo-
sure in the receiver 100 will be described in more detail below.

The following assumptions are given to the receiver 100
when the process for performing the method of calculating
time difference according to an embodiment of the present
disclosure is used.

Assumption 1

It is stable in a state where a frequency control is completed
and a clock frequency of a transmitter is coincident with that
of a receiver.

Assumption 2

The network delay is classified into two components: a
fixed delay component (hereinafter sometimes referred to as
“fixed_delay”) and a variable delay component (hereinafter
sometimes referred to as “variable_delay™).

Assumption 3

The fixed_delay is independent on the direction of com-
munications.

Furthermore, hereinafter, terms “t1(3)”, “t2(j)”, “t3()”, “t4
(4)”, “delay_ms(j)”, “delay_sm(j)”, and “Offset” are used to
represent the definitions as follows:

t1(j): j-th sync transmission time

12(j): j-th sync reception time

13(j): j-th DelayRequest transmission time

t4(j): j-th DelayRequest reception time

delay_ms(j): j-th forward-path delay time (a delay time in

the direction from a transmitter to a receiver)
delay_sm(j): j-th return-path delay time (a delay time in the
direction from a receiver to a transmitter)

Offset: time difference (an offset) between the time of a

clock in a transmitter and the time of a clock in areceiver

[1-1-1] Specific Example of the Process in the Forward-
Path Delay Time Calculating Unit 106 and the Return-Path
Delay Time Calculating Unit 118

From the above Assumption 1, Equations (4) and (5)
described below are satisfied. The forward-path delay time
calculating unit 106 calculates the first delay time by per-
forming the operation shown in Equation (4) below. In addi-
tion, the return-path delay time calculating unit 118 calculates
the second delay time by performing the operation shown in
Equation (5) below.

A21(j)=delay__ms(j)+offset=12(5)-11(j) 4

A43(j)=delay__sm(j)-offset=t4(})—13(j) (5)

[1-1-2] Specific Example of the Process in the Offset Cal-
culating Unit 120

FIG. 5 is a block diagram illustrating an exemplary con-
figuration of the offset calculating unit 120 included in the
receiver 100 according to the first embodiment. In FIG. 5, the
first delay time transmitted from the forward-path delay time
calculating unit 106 is represented as “A21(j)”, and the sec-
ond delay time transmitted from the return-path delay time
calculating unit 118 is represented as “A43(j)”. Additionally,
in FIG. 5, the calculated time difference (offset) outputted
from the offset calculating unit 120 is represented as “Offset”.

The offset calculating unit 120 is configured to include a
minimum value holding unit 150 (a first minimum value
holding unit), a minimum value holding unit 152 (a second
minimum value holding unit), and a calculation unit 154.

The minimum value holding unit 150 is configured to
include a hold circuit or the like to hold a minimum value of
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the first delay time calculated in the forward-path delay time
calculating unit 106. Then, the minimum value holding unit
150 outputs the held minimum value of the first delay time,
Min(A21).

The minimum value holding unit 152 is configured to
include a hold circuit or the like to hold a minimum value of
the second delay time calculated in the return-path delay time
calculating unit 118. Then, the minimum value holding unit
152 outputs the held minimum value of the second delay time,
Min(A43).

The calculation unit 154 calculates time difference (an
offset) based on the minimum value Min(A21) of the first
delay time and the minimum value Min(A43) of the second
delay time.

The calculation unit 154 is configured to include, for
example, an adder 156 and a multiplier 158. Here, if the
calculation unit 154 illustrated in FIG. 5 is compared with the
offset calculating unit 30 illustrated in FIG. 3, it is found that
the calculation unit 154 has a configuration similar to that of
the offset calculating unit 30. In other words, the calculation
unit 154 calculates a time lag by performing an operation
similar to that of the offset calculating unit 30 illustrated in
FIG. 3 using the minimum value Min(A21) of the first delay
time and the minimum value Min(A43) of the second delay
time. More specifically, the calculation unit 154 calculates the
time difference, for example, by performing an operation
shown in Equation (10) which will be described later.

Note that, the configuration of the calculation unit 154 is
not limited thereto. For example, the calculation unit 154 may
be configured to include a divider that divides a calculated
difference value by 2 instead of the multiplier 158.

The process in the offset calculating unit 120 will be
described in more detail below.

From the above Assumptions 2 and 3, Equations (6) and (7)
are satisfied as follows.

Delay__ms(j)=fixed_delay+variable_delay_ ms(j) (6)

Delay__sm(j)=fixed_delay+variable_delay_ sm() (7

The offset calculating unit 120 includes the minimum
value holding unit 150 and the minimum value holding unit
152, and thus a new sample sequence min{A21(j)} obtained
by updating a minimum value of A21(j) and a new sample
sequence min{A43(j)} obtained by updating a minimum
value of A43(j) are introduced to the offset calculating unit
120.

Here, the sample sequence min{A21(j)} and the sample
sequence min{A43(j)} approximate gradually to “variable-
_delay_ms=0", and consequentially
“delay_ms=delay_sm=fixed_delay” is satisfied. Thus, for
example, the following Equations (8) and (9) are satisfied.

min{A21(j) }=fixed_delay+offset (8)

min{A43(j) }=fixed_delay-offset 9)

From the above Equations (8) and (9), the following Equa-
tion (10) can be obtained. The calculation unit 154 calculates
time difference by performing the operation shown in Equa-
tion (10) below.

offset={Min(A21)-Min(A43) }x (%) (10)

FIGS. 6 to 8 are diagrams for explaining an example of the
procedure of a process in the offset calculating unit 120
included in the receiver 100 according to the first embodi-
ment. FIGS. 6 to 8 are graphs using sample data in which time
difference (an offset) equals to zero, and the vertical axis
represents the delay time and the horizontal axis represents
the sample number. FIG. 6 shows states of A21(j) and
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min{A21(j)}. FIG. 7 shows states of A43(j) and min{A43(j)}.
In addition, FIG. 8 shows states of Offset (that is, a time lag)
calculated by Equation (10).

For example, as shown in FIG. 8, it is found that the time
lag (an offset) calculated in the offset calculating unit 120
converges to zero.

[1-2] Configuration for Correction Process

The correction unit 128 corrects the time of a clock in the
receiver 100 based on the time difference calculated in the
offset calculating unit 120.

The correction unit 128 is configured to include, for
example, the PID control unit 122, the clock generating unit
124, and the counter 126. The PID control unit 122 the clock
generating unit 124, and the counter 126 have a similar func-
tion and structure similar to that of the PID control unit 34, the
clock generating unit 36, and the counter 38, respectively,
which are illustrated in FIG. 2.

The correction unit 128 adjusts a clock signal used to
control a count value in the counter 126 based on the time
difference calculated in the offset calculating unit 120. In
other words, the correction unit 128 changes indirectly a
count value in the counter 126 by adjusting a clock signal
generated by the clock generating unit 124 based on the time
difference calculated in the offset calculating unit 120.

Here, for example, as illustrated with reference to FIG. 2, a
value of the counter (a count value) included in the receiver
100 is used to generate time information. Thus, the indirect
change in a count value of the counter 126 makes it possible
for the correction unit 128 to correct the time of a clock in the
receiver 100.

The receiver 100 according to the first embodiment per-
forms the process for the method of calculating time difter-
ence according to an embodiment of the present disclosure
(for example, the processes of (1) (the process of calculating
the first delay time) to (3) (the process of calculating time
difference) and the correction process), for example, using
the configuration illustrated in FIG. 4.

Therefore, the receiver 100 according to the first embodi-
ment can calculate time difference between the time of a
clock in a transmitter and the time of a clock in the receiver,
for example, using the configuration illustrated in FIG. 4.

Furthermore, the receiver 100 according to the first
embodiment is not necessary to use a filter upon the calcula-
tion of time difference or to know a minimum value of the
delay time or the like in advance. Thus, the receiver 100
according to the first embodiment can prevent the control
delay due to the process using a filter or the occurrence of
offset errors, for example, using the configuration illustrated
in FIG. 4, and, in addition, the receiver 100 can calculate time
difference between the time of a clock in a transmitter and the
time of a clock in the receiver more accurately.

Note that, the configuration of the receiver according to the
first embodiment is not limited to the configuration illustrated
in FIG. 4.

For example, the receiver according to the first embodi-
ment may be a time difference calculating device configured
to include structural elements that perform the process for the
method of calculating time difference according to an
embodiment of the present disclosure (for example, “the pro-
cesses of (1) (the process of calculating the first delay time) to
(3) (the process of calculating time difference)” or “the pro-
cesses of (1) (the process of calculating the first delay time) to
(3) (the process of calculating time difference) and the cor-
rection process). If the receiver according to the first embodi-
ment is the time difference calculating device, then, for
example, the receiver according to the first embodiment can
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be incorporated into a receiver communicating with a trans-
mitter, and thus the configuration illustrated in FIG. 4 is
obtained.

Receiver According to a Second Embodiment

FIG. 9 is a block diagram illustrating an exemplary con-
figuration of a receiver 200 according to a second embodi-
ment. In FIG. 9, there is also illustrated a network 90 through
which the receiver communicates with a transmitter. Alterna-
tively, the receiver 200 may be configured to perform a direct
communication with a transmitter, for example, without
through the network 90.

The receiver 200 is configured to include, for example, a
network interface 102, a synchronization control packet
receiving unit 104, a forward-path delay time calculating unit
106 (a first delay time calculating unit), a frequency error
calculating unit 108, a frequency error determining unit 110,
a noise reduction filter unit 112, a PID control unit 114, a
synchronization control packet transmitting unit 116, a
return-path delay time calculating unit 118 (a second delay
time calculating unit), an offset calculating unit 202 (a time
difference calculating unit), a count value rewriting unit 204,
a clock generating unit 124, and a counter 126.

Furthermore, the receiver 200 is configured to, for
example, include a controller (not shown) that is configured to
include an MPU or various types of processing circuits for
controlling the entire receiver 200, or include a time informa-
tion generating unit (not shown) that generates time informa-
tion. In addition, the receiver 200 may be configured to
include, for example, a timing signal generating unit (not
shown) that generates a timing signal used to synchronize and
process various types of signals such as image signals.

In FIG. 9, the forward-path delay time calculating unit 106,
the return-path delay time calculating unit 118, and the offset
calculating unit 202 are used to perform the process of (1) (the
process of calculating the first delay time), the process of (2)
(the process of calculating the second delay time), and the
process of (3) (the process of calculating time difference),
respectively, for the method of calculating time difference
according to an embodiment of the present disclosure.

Moreover, in FIG. 9, for example, the count value rewriting
unit 204 and the counter 126 serve as a correction unit 206 that
performs the correction process for the method of calculating
time difference according to an embodiment of the present
disclosure.

Furthermore, the network interface 102, the synchroniza-
tion control packet receiving unit 104, the frequency error
calculating unit 108, the noise reduction filter unit 112, the
PID control unit 114, the synchronization control packet
transmitting unit 116, and the clock generating unit 124 have
a configuration and function similar to that of the network
interface 12, the synchronization control packet receiving
unit 14, the frequency error calculating unit 18, the noise
reduction filter unit 22, the PID control unit 24, the synchro-
nization control packet transmitting unit 26, and the clock
generating unit 36, respectively, which are illustrated in FIG.
2. In addition, the frequency error determining unit 110 con-
trols the operation of the count value rewriting unit 204 based
on a calculation result calculated by the frequency error cal-
culating unit 18 and transmitted from the frequency error
determining unit 108 at the time when it is checked that the
calculation result falls within a given frequency pull-in range.
The frequency error determining unit 110 corresponds to a
mechanism for causing the time control to be preceded by the
clock frequency control in the receiver 200.

Structural elements used to perform the method of calcu-
lating time difference according to an embodiment of the
present disclosure in the receiver 200 will be described below,
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and explanation of structural elements that have function and
structure similar to those of the receiver 10 illustrated in FIG.
2 is omitted.

[2-1] Configuration for Calculating Time Difference (Off-
set) Between the Time of a Clock in a Transmitter and the
Time of a Clock in the Receiver

The forward-path delay time calculating unit 106 has simi-
lar function and structure to those of the forward-path delay
time calculating unit 106 according to the first embodiment
illustrated in FIG. 4, and is used to perform the process of (1)
(the process of calculating the first delay time). The forward-
path delay time calculating unit 106 calculates the first delay
time based on the time t1 indicated by the first time informa-
tion and the time 12 indicated by the second time information.

The return-path delay time calculating unit 118 has similar
function and structure to those of the return-path delay time
calculating unit 118 according to the first embodiment illus-
trated in FIG. 4, and is used to perform the process of (2) (the
process of calculating the second delay time). The return-path
delay time calculating unit 118 calculates the second delay
time based on the time t3 indicated by the third time infor-
mation and the time t4 indicated by the fourth time informa-
tion.

The offset calculating unit 202 is used to perform the
process of (3) (the process of calculating time difference), and
calculates “time difference between the time of a clock in a
transmitter and the time of a clock in the receiver” based on
the first delay time calculated in the forward-path delay time
calculating unit 106 and the second delay time calculated in
the return-path delay time calculating unit 118.

The process for the method of calculating time difference
according to an embodiment of the present disclosure in the
receiver 200 will be described in more detail below.

The following assumptions are given to the receiver 200
when the process for performing the method of calculating
time difference according to an embodiment of the present
disclosure is used.

Assumption 1

It is stable in a state where a frequency control is completed
and a clock frequency of a transmitter is coincident with that
of a receiver.

Assumption 2

The network delay is classified into two components: a
fixed delay component (hereinafter sometimes referred to as
“fixed_delay”) and a variable delay component (hereinafter
sometimes referred to as “variable_delay™).

Assumption 3

The fixed_delay is independent on the direction of com-
munications.

Furthermore, hereinafter, terms “t1(3)”, “t2(j)”, “t3()”, “t4
(4)”, “delay_ms(j)”, “delay_sm(j)”, and “Offset” are used to
represent the definitions as follows:

t1(j): j-th sync transmission time

12(j): j-th sync reception time

13(j): j-th DelayRequest transmission time

t4(j): j-th DelayRequest reception time

delay_ms(j): j-th forward-path delay time (a delay time in
the direction from a transmitter to a receiver)

delay_sm(j): j-th return-path delay time (a delay time in the
direction from a receiver to a transmitter)

Offset: time difference (an offset) between the time of a
clock in a transmitter and the time of a clock in the
receiver

[2-1-1] Specific Example of a Process in the Forward-Path
Delay Time Calculating Unit 106 and the Return-Path Delay
Time Calculating Unit 118
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From the above Assumption 1, Equations (4) and (5)
described above are satisfied. The forward-path delay time
calculating unit 106 calculates the first delay time by per-
forming the operation shown in Equation (4) in a similar way
to the forward-path delay time calculating unit 106 according
to the first embodiment illustrated in FIG. 4. In addition, the
return-path delay time calculating unit 118 calculates the
second delay time by performing the operation shown in
Equation (5) in a similar way to the return-path delay time
calculating unit 118 according to the first embodiment illus-
trated in FIG. 4.

[2-1-2] Specific Example of a Process in the Offset Calcu-
lating Unit 202

FIG. 10 is a block diagram illustrating an exemplary con-
figuration of the offset calculating unit 202 included in the
receiver 200 according to the second embodiment. In FIG. 10,
the first delay time transmitted from the forward-path delay
time calculating unit 106 is represented as “A21(j)”, and the
second delay time transmitted from the return-path delay time
calculating unit 118 is represented as “A43(j)”. Additionally,
in FIG. 10, the calculated time difference (offset) outputted
from the offset calculating unit 202 is represented as “Offset”.

The offset calculating unit 202 is configured to include a
first inter-sample time lag calculating unit 210, a first shift
value calculating unit 212, a first difference value calculating
unit 214, a second inter-sample time lag calculating unit 216,
a second shift value calculating unit 218, a second difference
value calculating unit 220, and a calculation unit 222.

The first inter-sample time lag calculating unit 210 is con-
figured to include, for example, a delay unit 224 and an adder
226, and calculates a time lag between temporally consecu-
tive samples of the calculated first delay time. In FIG. 10, the
time lag between samples of the first delay time is represented
as “A21W-A21(G-1)".

The first shift value calculating unit 212 accumulates the
time lag between samples of the first delay time calculated in
the first inter-sample time lag calculating unit 210. Then, the
first shift value calculating unit 212 calculates a first shift
value obtained by shifting the accumulated value by a prede-
termined value. An example of the first shift value according
to an embodiment of the present disclosure will be described
later. In addition, the first shift value calculating unit 212 is
configured to include, for example, a circuit having any con-
figuration capable of performing an accumulation operation
and a shift operation. In FIG. 10, the first shift value is rep-
resented as “Shift[Z,,(j)]”.

The first difference value calculating unit 214 is configured
to include, for example, an adder, and outputs a first differ-
ence value that is the difference value between the first delay
time calculated in the forward-path delay time calculating
unit 106 and the first shift value.

The second inter-sample time lag calculating unit 216 is
configured to include, for example, a delay unit 228 and an
adder 230, and calculates a time lag between temporally
consecutive samples of the calculated second delay time. In
FIG. 10, the time lag between samples of the second delay
time is represented as “A43W-A43(j-1)".

The second shift value calculating unit 218 accumulates
the time lag between samples of the second delay time cal-
culated in the second inter-sample time lag calculating unit
216. Then, the second shift value calculating unit 218 calcu-
lates a second shift value obtained by shifting the accumu-
lated value by a predetermined value. An example of the
second shift value according to an embodiment of the present
disclosure will be described later. In addition, the second shift
value calculating unit 218 is configured to include, for
example, a circuit having any configuration capable of per-
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forming an accumulation operation and a shift operation.
Additionally, the second shift value calculating unit 218 is
configured to include, for example, a circuit having any con-
figuration capable of performing an accumulation operation.
In FIG. 10, the second shift value is represented as “Shift[2,
Qr-.

The second difference value calculating unit 220 is config-
ured to include, for example, an adder, and outputs a second
difference value that is the difference value between the sec-
ond delay time calculated in the return-path delay time cal-
culating unit 118 and the second shift value.

The calculation unit 222 calculates time difference (an
offset) based on the first difference value and the second
difference value.

The calculation unit 222 is configured to include, for
example, an adder 232 and a multiplier 234. Here, when the
calculation unit 222 illustrated in FIG. 10 is compared with
the calculation unit 154 illustrated in FIG. 5, it is found that
the calculation unit 222 is similar in structure to the calcula-
tion unit 154. In other words, the calculation unit 222 calcu-
lates a time lag by performing an operation similar to that of
the calculation unit 154 illustrated in FIG. 5 using the first
difference value and the second difference value. More spe-
cifically, the calculation unit 222 calculates time difference,
for example, by performing an operation shown in Equation
(21) which will be described later.

Note that, the configuration of the calculation unit 222 is
not limited to the above-described configuration. For
example, the calculation unit 222 may be configured to
include a divider that divides the calculated difference value
by 2 instead of the multiplier 234.

The process in the offset calculating unit 202 will be
described in more detail below.

From the above Assumptions 2 and 3, Equations (6) and (7)
are satisfied.

The offset calculating unit 202 includes the first inter-
sample time lag calculating unit 210 and the second inter-
sample time lag calculating unit 216, and thus jitter_ms(j)
represented in Equation (11) below and jitter_sm(j) repre-
sented in Equation (12) below are introduced to the offset
calculating unit 202.

jitter_ms(f)=A21(j)—A21(j-1)=delay__ms(j)—delay__

ms(j-1) (11

jitter__sm(j)=A43(j)-A43(j-1)=delay_ sm(j)-delay__

sm(j-1) (12)

The offset calculating unit 202 includes the first shift value
calculating unit 212 and the second shift value calculating
unit 218, and thus the cumulative sum of jitter_ms(j) repre-
sented in Equation (13) below and the cumulative sum of
jitter_sm(j) represented in Equation (14) below are intro-
duced into the offset calculating unit 202. Additionally, in
Equations (13) and (14), the cumulative sum E is defined in
the range of n from 2 to j.

Sjitter_ms(j)={delay__ms(2)-delay_ ms(1)}+{delay__
ms(3)-delay__ms(2)}+{delay__ms(4)-delay__ms
(3)}+ ... +{delay_ms(j)—delay_ms(j-1)}=de-

lay__ms(j)—delay__ms(1) (13)

Sjitter_sm(j)={delay__sm(2)-delay__sm(1)}+{delay__
sm(3)-delay__sm(2)}+{delay__sm(4)-delay_sm
(3)}+ ... +{delay__sm(j)—delay_sm(j-1)}=de-

lay__sm(j)—delay__sm(1) (14)

As shown in Equation (13), Xjitter_ms(j) is delay_ms(j)
obtained by shifting it by an initial value of a cumulative sum
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process. In addition, as shown in Equation (14), Xjitter_sm(j)
is delay_sm(j) obtained by shifting it by an initial value of a
cumulative sum process.

Furthermore, the offset calculating unit 202 includes the
first shift value calculating unit 212 and the second shift value
calculating unit 218, and thus shift[Zjitter_ms(j)] obtained by
being subjected to a shift operation while holding
“min{Zjitter_ms(j)}=0" and shift[Zjitter_sm(j)] obtained by
being subjected to a shift operation while holding
“min{Zjitter_sm(j)}=0" are introduced into the offset calcu-
lating unit 202.

Here, shift[Zjitter_ms(j)] corresponds to variable_de-
lay_ms(j) shown in Equation (6), and shift[2jitter_sm(j)] cor-
responds to variable_delay_sm(j) shown in Equation (7).
Thus, the relationship shown in Equation (15) below is satis-
fied between shift[Zjitter_ms(j)] and variable_delay_ms(j).
In addition, the relationship shown in Equation (16) below is
satisfied between shift[2jitter_sm(j)] and variable_delay_sm
G-

shift[Zjitter_ ms(f)]=variable_delay_ ms(;) (15)

shift[Zjitter_ sm(j)]=variable_delay sm(}) (16)

Equations (17) and (18) below are obtained from Equations
(4) and (5) based on Assumption 1, Equations (6) and (7)
based on Assumptions 2 and 3, and Equations (15) and (16).
Here, “A21(j)” shown in Equation (17) corresponds to the
first difference value, and “A43(j)” shown in Equation (18)
corresponds to the second difference value. In other words,
the first difference value calculating unit 214 calculates the
first difference value by performing an operation shown in
Equation (17), and the second difference value calculating
unit 220 calculates the second difference value by performing
an operation shown in Equation (18).

A21(j)=fixed_delay+offset+shift[Zjitter_ ms(7)] 17)

AA3(j)=fixed_delay—offset+shift[Zjitter_ sm(7)] (18)

Equation (19) below is obtained from Equation (17), and
Equation (20) below is obtained from Equation (18). In addi-
tion, Equation (21) below is obtained from Equations (19)
and (20) below. The calculation unit 222 calculates time
difference (an offset) by performing an operation shown in
Equation (21).

offset=A21(j)-shift[Zjitter_ ms(j)]-fixed_delay (19)

offset=—A43(j)+shift[Zjitter__sm(7)]+fixed_delay (20)
offset=[{A21(j)-shift[Zjitter__ms(7)]}-{A43(j)-shift

[Zjitter_sm()]}1x(42) @n

FIGS. 11 to 13 are diagrams for explaining an example of
the procedure of a process in the offset calculating unit 202
included in the receiver 200 according to the second embodi-
ment. FIGS. 11 to 13 are graphs using sample data in which
time difference (an offset) equals to zero, and the vertical axis
represents the delay time and the horizontal axis represents
the sample number. FIG. 11 shows states of A21(j), shift
[Zjitter_ms(j)], and A21(j)-shift[Xjitter_ms(j)]. FIG. 12
shows states of A43(j), shift[Xjitter_sm(j)], and A43(j)-shift
[Zjitter_sm(j)]. In addition, FIG. 13 shows states of Offset
(that is, a time lag) calculated by Equation (21).

For example, as illustrated in FIG. 13, the time lag (an
offset) calculated in the offset calculating unit 202 is found to
converge to zero.

FIGS. 14 and 15 are diagrams for explaining an example of
a simulation result of the process in the offset calculating unit
202 included in the receiver 200 according to the second
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embodiment and the process in the offset calculating unit 30
and the noise reduction filter unit 32 included in the receiver
10 illustrated in FIG. 2.

In FIG. 14, there is illustrated a simulation result when the
receiver 10 includes a 128-sample moving average filter (a
low-pass filter) as the noise reduction filter unit 32. In addi-
tion, FIG. 14 illustrates a simulation result in a case of using
data obtained by adjusting actual measurement data in which
a fixed component of delay (that is, a minimum delay) in a
forward-path direction (the direction from a transmitter to a
receiver) is equal to that in a return-path direction (the direc-
tion from a receiver to a transmitter) and their average values
of delay are different from each other by 11.7 microseconds
so that the offset value is equal to 4 microseconds.

When the receiver 10 is used, a valid calculation is per-
formed after 128 samples because of using a 128-sample
moving average filter. Thus, as shown in FIG. 14, when the
receiver 10 is used, a control delay occurs. FIG. 14 shows the
difference between the convergence states of offset values in
the receiver 200 and the receiver 10 by plotting results calcu-
lated by setting missing data to zero even in the section of
samples 1 to 127.

Furthermore, when the receiver 10 is used, as shown in
FIG. 14, it is found that the offset value outputted from the
128-sample moving average filter in the receiver 10 contains
an error of one-half (that is, 5.85 microseconds) of the aver-
age value of delay, as compared with that of the offset value
outputted from the offset calculating unit 202 included in the
receiver 200.

In FIG. 15, as with FIG. 14, there is illustrated a simulation
result when the receiver 10 includes a 128-sample moving
average filter (a low-pass filter) as the noise reduction filter
unit 32. In addition, FIG. 15 illustrates a simulation result in
a case of using data obtained by adjusting actual measure-
ment data in which a fixed component of delay (that is, a
minimum delay) in a forward-path direction (the direction
from a transmitter to a receiver) is equal to that in a return-
path direction (the direction from a receiver to a transmitter)
so that their average values of delay are equal to each other
and the offset value is equal to 4 microseconds.

Iftheir average values of delay are equal to each other, even
when the receiver 10 is used, such error as observed in FIG. 14
is not included. However, as shown in FIG. 15, it is found that
the offset value outputted from the 128-sample moving aver-
age filter in the receiver 10 contains a variable component of
delay which is not suppressed, as compared with that of the
offset value outputted from the offset calculating unit 202
included in the receiver 200. As with FIG. 14, FIG. 15 shows
the difference between the convergence states of offset values
in the receiver 200 and the receiver 10 by plotting results
calculated by setting missing data to zero even in the section
of samples 1 to 127.

[2-2] Configuration for Correction Process

The correction unit 206 corrects the time of a clock in the
receiver 200 based on the time difference calculated in the
offset calculating unit 202.

The correction unit 206 is configured to include, for
example, the count value rewriting unit 204 and the counter
126. Here, the count value rewriting unit 204 rewrites a count
value in the counter 126 based on the time difference calcu-
lated in the offset calculating unit 202. In addition, the counter
126 has the function and structure, for example, similar to
those of the counter 38 illustrated in FIG. 2.

The correction unit 206 rewrites a count value of the
counter 126 based on the time difference calculated in the
offset calculating unit 202. In other words, the correction unit
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206 directly changes a count value of the counter 126 based
on the time difference calculated in the offset calculating unit
202.

Here, for example, as illustrated with reference to FIG. 2, a
value of the counter (a count value) included in the receiver
100 is used to generate time information. Thus, the direct
change in count values of the counter 126 makes it possible
for the correction unit 206 to correct the time of a clock in the
receiver 200.

The receiver 200 according to the second embodiment
performs the process for the method of calculating time dif-
ference according to an embodiment of the present disclosure
(for example, the processes of (1) (the process of calculating
the first delay time) to (3) (the process of calculating time
difference) and the correction process), for example, using
the configuration illustrated in FIG. 9.

Thus, the receiver 200 according to the second embodi-
ment can calculate time difference between the time of a
clock in a transmitter and the time of a clock in the receiver,
for example, using the configuration illustrated in FIG. 9.

Furthermore, the receiver 200 according to the second
embodiment is not necessary to use a filter upon the calcula-
tion of time difference or to know a minimum value of the
delay time or the like in advance. Thus, the receiver 200
according to the second embodiment can prevent the control
delay due to the process using a filter or the occurrence of
offset errors, for example, using the configuration illustrated
in FIG. 9, and, in addition, the receiver 200 can calculate time
difference between the time of a clock in a transmitter and the
time of a clock in the receiver more accurately.

Note that, the configuration of the receiver according to the
second embodiment is not limited to the configuration illus-
trated in FIG. 9.

For example, the receiver according to the second embodi-
ment may be a time difference calculating device which is
configured to include structural elements for performing the
process for the method of calculating time difference accord-
ing to an embodiment of the present disclosure (for example,
“the processes of (1) (the process of calculating the first delay
time) to (3) (the process of calculating time difference)” or
“the processes of (1) (the process of calculating the first delay
time) to (3) (the process of calculating time difference) and
the correction process”). When the receiver according to the
second embodiment is the time difference calculating device,
for example, the receiver according to the second embodi-
ment is incorporated into a receiver communicating with a
transmitter, and thus the configuration illustrated in FIG. 9
can be obtained.

Receiver According to Another Embodiment

Note that, the configuration of the receiver according to an
embodiment of the present disclosure is not limited to the
receiver 100 according to the first embodiment illustrated in
FIG. 4 (including the configuration according to modifica-
tions) or the receiver 200 according to the second embodi-
ment illustrated in FIG. 9 (including the configuration accord-
ing to modifications).

[3-1] Receiver According to Third Embodiment

For example, the receiver according to an embodiment of
the present disclosure having the configuration shown in FI1G.
4 may be configured to include the correction unit 206 shown
in FIG. 9 instead of the correction unit 128.

Even in the configuration described above, a receiver
according to a third embodiment can perform the processes of
(1) (the process of calculating the first delay time) to (3) (the
process of calculating time difference)) for the method of
calculating time difference according to an embodiment of
the present disclosure in a similar way to the receiver 100
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according to the first embodiment shown in FIG. 4. Thus, the
receiver according to the third embodiment can achieve the
same effect as the receiver 100 according to the first embodi-
ment shown in FIG. 4.

Even in the configuration described above, the receiver
according to the third embodiment can perform the correction
process for the method of calculating time difference accord-
ing to an embodiment of the present disclosure in a similar
way to the receiver 200 according to the second embodiment
shown in FIG. 9. Thus, the receiver according to the third
embodiment can correct the time of a clock in the receiver by
directly changing a count value of the counter 126 in a similar
way to the receiver 200 according to the second embodiment
shown in FIG. 9.

Moreover, the receiver according to the third embodiment
can provide a modification, similar to the receiver according
to the first embodiment described above.

[3-2] Receiver According to Fourth Embodiment

Furthermore, the receiver according to an embodiment of
the present disclosure having the configuration shown in FI1G.
9 may be configured to include the correction unit 128 shown
in FIG. 4 instead of the correction unit 206.

Even in the configuration described above, a receiver
according to a fourth embodiment can perform the processes
of (1) (the process of calculating the first delay time) to (3)
(the process of calculating time difference) for the method of
calculating time difference according to an embodiment of
the present disclosure in a similar way to the receiver 200
according to the second embodiment shown in FIG. 9. Thus,
the receiver according to the fourth embodiment can achieve
the same effect as the receiver 200 according to the second
embodiment shown in FIG. 9.

Further, even in the configuration described above, the
receiver according to the fourth embodiment can perform the
correction process for the method of calculating time difter-
ence according to an embodiment of the present disclosure in
a similar way to the receiver 100 according to the first
embodiment shown in FIG. 4. Thus, the receiver according to
the fourth embodiment can correct the time of a clock in the
receiver by indirectly changing a count value of the counter
126 in a similar way to the receiver 100 according to the first
embodiment shown in FIG. 4.

Moreover, the receiver according to the fourth embodiment
can provide a modification, similar to the receiver according
to the second embodiment described above.

As described above, the receiver according to an embodi-
ment of the present disclosure is not necessary to perform the
noise reduction process of “time difference (offset) between
the time of a clock in a transmitter and the time of a clock in
the receiver”, and thus it is possible to prevent the control
delay due to the process of using a filter. In addition, the
receiver according to an embodiment of the present disclo-
sure is not necessary to perform the noise reduction process,
and thus it is possible to prevent occurrence of errors of the
calculated time lag (offset), for example, under the condition
that the minimum value of the forward-path delay time (a
delay time from a transmitter to a receiver) is equal to that of
the return-path delay time (a delay time from a receiver to a
transmitter). Additionally, the receiver according to an
embodiment of the present disclosure is not necessary to
know a minimum value of the delay time or the like in
advance upon the calculation of “time difference (offset)
between the time of a clock in a transmitter and the time of a
clock in the receiver”.

Thus, the receiver according to an embodiment of the
present disclosure can achieve high performance of the time
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correction function without it being necessary to know a
minimum value of the delay time or the like in advance.

Although an embodiment of the present disclosure has
been described by exemplifying a receiver, the embodiment
of the present disclosure is not limited thereto. For example,
the embodiment of the present disclosure can be implemented
in various types of electronic devices including a computer
such as personal computers (PCs) or servers, a video/music
playback device (or a video/music recording and playback
device), and game consoles. In addition, the embodiment of
the present disclosure can be implemented in, for example, a
processing integrated circuit (IC) capable of being incorpo-
rated into the electronic devices described above.

Furthermore, although the embodiment of the present dis-
closure has been described by exemplifying a transmitter as a
target to be communicated with the receiver, the embodiment
of the present disclosure is not limited thereto. For example,
the present embodiment can be implemented in various types
of electronic devices including a computer such as PCs or
servers, a video/music playback device (or a video/music
recording and playback device), and a game console.

(Program According to an Embodiment of the Present Dis-
closure)

It is possible to calculate time difference between the time
ofa clock in a transmitter and the time of a clock in a receiver
by causing a computer to execute a program (for example, a
program capable of allowing a computer to execute the pro-
cess for the method of calculating time difference according
to the present embodiment, such as “the processes of (1) (the
process of calculating the first delay time) to (3) (the process
of calculating time difference)” or “the processes of (1) (the
process of calculating the first delay time) to (3) (the process
of calculating time difference) and the correction process)
used to allow the computer to function as the receiver accord-
ing to an embodiment of the present disclosure.

Moreover, the program used to cause a computer to func-
tion as the receiver according to an embodiment of the present
disclosure is executed in the computer, and thus it can have
the same effect as the receivers according to the first to fourth
embodiments described above.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

For example, in the above, although there has been pro-
vided a program (a computer program) that causes a com-
puter to function as the receiver according to an embodiment
of'the present disclosure, according to an embodiment of the
present disclosure, it is also possible to provide a recording
medium with the program stored thereon.

The configuration described above is merely an example of
an embodiment of the present disclosure and thus falls within
the technical scope of the disclosure.

Additionally, the present application may also be config-
ured as below.

(1) A receiver including:

a first delay time calculating unit configured to calculate a
first delay time indicating a time lag between transmission of
a transmission signal by a transmitter and reception of the
transmission signal by the receiver based on first time infor-
mation indicating a time at which the transmitter transmits the
transmission signal and second time information indicating a
time at which the receiver receives the transmission signal;

a second delay time calculating unit configured to calculate
a second delay time indicating a time lag between transmis-
sion of a response signal by the receiver and reception of the
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response signal by the transmitter based on third time infor-
mation indicating a time at which the receiver transmits the
response signal corresponding to the transmission signal and
fourth time information indicating a time at which the trans-
mitter receives the response signal; and

atime difference calculating unit configured to calculate a
time difference between a time of a clock in the transmitter
and a time of a clock in the receiver based on the calculated
first delay time and the calculated second delay time,

wherein the time difference calculating unit calculates a
fixed delay component in the first delay time and the second
delay time as the time lag using a logical operation without
using a filter.

(2) The receiver according to (1), wherein the time difference
calculating unit includes

a first minimum value holding unit configured to hold a
minimum value of the calculated first delay time and to output
the held minimum value of the first delay time,

a second minimum value holding unit configured to hold a
minimum value of the calculated second delay time and to
output the held minimum value of the second delay time, and

a calculation unit configured to calculate the time difter-
ence based on the minimum value of the first delay time and
the minimum value of the second delay time.

(3) The receiver according to (1), wherein the time difference
calculating unit includes

a first inter-sample time lag calculating unit configured to
calculate a time lag between temporally consecutive samples
of the calculated first delay time,

a first shift value calculating unit configured to accumulate
the time lag between samples of the first delay time and to
calculate a first shift value obtained by shifting the accumu-
lated value by a predetermined value,

a first difference value calculating unit configured to cal-
culate a first difference value that is a difference value
between the calculated first delay time and the calculated first
shift value,

a second inter-sample time lag calculating unit configured
to calculate a time lag between temporally consecutive
samples of the calculated second delay time,

a second shift value calculating unit configured to accumu-
late the time lag between samples of the second delay time
and to calculate a second shift value obtained by shifting the
accumulated value by a predetermined value,

a second difference value calculating unit configured to
calculate a second difference value that is a difference value
between the calculated second delay time and the calculated
second shift value, and

a calculation unit configured to calculate the time difter-
ence based on the first difference value and the second differ-
ence value.

(4) The receiver according to any one of (1) to (3), further
including:

a correction unit configured to correct the time of the clock
in the receiver based on the calculated time difference.

(5) The receiver according to (4), wherein the correction unit
corrects the time of the clock in the receiver by adjusting a
clock signal used to control a count value of a counter based
on the calculated time difference.

(6) The receiver according to (4), wherein the correction unit
corrects the time of the clock in the receiver by rewriting a
count value based on the calculated time difference.

(7) A method of calculating time difference, the method
including:

calculating a first delay time indicating a time lag between
transmission of a transmission signal by a transmitter and
reception of the transmission signal by a receiver based on
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first time information indicating a time at which the transmit-
ter transmits the transmission signal and second time infor-
mation indicating a time at which the receiver receives the
transmission signal;

calculating a second delay time indicating a time lag
between transmission of a response signal by the receiver and
reception of the response signal by the transmitter based on
third time information indicating a time at which the receiver
transmits the response signal corresponding to the transmis-
sion signal and fourth time information indicating a time at
which the transmitter receives the response signal; and

calculating a time difference between a time of a clock in
the transmitter and a time of a clock in the receiver based on
the calculated first delay time and the calculated second delay
time,

wherein, in the step of calculating the time difference, a
fixed delay component in the first delay time and the second
delay time is calculated as the time lag using a logical opera-
tion without using a filter.
(8) A program for causing a computer to execute:

calculating a first delay time indicating a time lag between
transmission of a transmission signal by a transmitter and
reception of the transmission signal by a receiver based on
first time information indicating a time at which the transmit-
ter transmits the transmission signal and second time infor-
mation indicating a time at which the receiver receives the
transmission signal;

calculating a second delay time indicating a time lag
between transmission of a response signal by the receiver and
reception of the response signal by the transmitter based on
third time information indicating a time at which the receiver
transmits the response signal corresponding to the transmis-
sion signal and fourth time information indicating a time at
which the transmitter receives the response signal; and

calculating a time difference between a time of a clock in
the transmitter and a time of a clock in the receiver based on
the calculated first delay time and the calculated second delay
time,

wherein, in the step of calculating the time difference, a
fixed delay component in the first delay time and the second
delay time is calculated as the time lag using a logical opera-
tion without using a filter.

It should be understood that various changes and modifi-
cations to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

The invention is claimed as follows:

1. A receiver comprising:

a first delay time calculating unit configured to calculate a
first delay time indicating a time lag between transmis-
sion of a transmission signal by a transmitter and recep-
tion of the transmission signal by the receiver based on
first time information indicating a time at which the
transmitter transmits the transmission signal and second
time information indicating a time at which the receiver
receives the transmission signal;

a second delay time calculating unit configured to calculate
a second delay time indicating a time lag between trans-
mission of a response signal by the receiver and recep-
tion of the response signal by the transmitter based on
third time information indicating a time at which the
receiver transmits the response signal corresponding to
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the transmission signal and fourth time information indi-
cating a time at which the transmitter receives the
response signal; and

atime difference calculating unit configured to calculate a
time difference between a time of a clock in the trans-
mitter and a time of a clock in the receiver based on the
calculated first delay time and the calculated second
delay time,

wherein the time difference calculating unit calculates a
fixed delay component in the first delay time and the
second delay time as the time lag using a logical opera-
tion without using a filter; and

wherein the time difference calculating unit includes:

a first inter-sample time lag calculating unit configured to
calculate a time lag between temporally consecutive
samples of the calculated first delay time,

a first shift value calculating unit configured to accumulate
the time lag between samples of the first delay time and
to calculate a first shift value obtained by shifting the
accumulated value by a predetermined value,

a first difference value calculating unit configured to cal-
culate a first difference value that is a difference value
between the calculated first delay time and the calcu-
lated first shift value,

a second inter-sample time lag calculating unit configured
to calculate a time lag between temporally consecutive
samples of the calculated second delay time,

a second shift value calculating unit configured to accumu-
late the time lag between samples of the second delay
time and to calculate a second shift value obtained by
shifting the accumulated value by a predetermined
value,

a second difference value calculating unit configured to
calculate a second difference value that is a difference
value between the calculated second delay time and the
calculated second shift value, and

a calculation unit configured to calculate the time difter-
ence based on the first difference value and the second
difference value.

2. The receiver according to claim 1, further comprising:

a correction unit configured to correct the time of the clock
in the receiver based on the calculated time difference.

3. Thereceiver according to claim 2, wherein the correction
unit corrects the time of the clock in the receiver by adjusting
a clock signal used to control a count value of a counter based
on the calculated time difference.

4. Thereceiver according to claim 2, wherein the correction
unit corrects the time of the clock in the receiver by rewriting
a count value based on the calculated time difference.

5. A method of calculating time difference, the method
comprising:

calculating a first delay time indicating a time lag between
transmission of a transmission signal by a transmitter
and reception of the transmission signal by a receiver
based on first time information indicating a time at
which the transmitter transmits the transmission signal
and second time information indicating a time at which
the receiver receives the transmission signal;

calculating a second delay time indicating a time lag
between transmission of a response signal by the
receiver and reception of the response signal by the
transmitter based on third time information indicating a
time at which the receiver transmits the response signal
corresponding to the transmission signal and fourth time
information indicating a time at which the transmitter
receives the response signal; and
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calculating a time difference between a time of a clock in
the transmitter and a time of a clock in the receiver based
on the calculated first delay time and the calculated
second delay time,

wherein, in the step of calculating the time difference, a
fixed delay component in the first delay time and the
second delay time is calculated as the time lag using a
logical operation without using a filter;

calculating a time lag between temporally consecutive
samples of the calculated first delay time;

accumulating the time lag between samples of the first
delay time and calculating a first shift value obtained by
shifting the accumulated value by a predetermined
value;

calculating a first difference value that is a difference value
between the calculated first delay time and the calcu-
lated first shift value;

calculating a time lag between temporally consecutive
samples of the calculated second delay time;

accumulating the time lag between samples of the second
delay time and calculating a second shift value obtained
by shifting the accumulated value by a predetermined
value;

calculating a second difference value that is a difference
value between the calculated second delay time and the
calculated second shift value; and

calculating the time difference based on the first difference
value and the second difference value wherein each of
the step is implemented by using hardware.

6. A computer-program product for calculating a time dif-

ference, the computer-program product comprising a non-
transitory computer readable medium having instructions
thereon, the instructions comprising:

calculating a first delay time indicating a time lag between
transmission of a transmission signal by a transmitter
and reception of the transmission signal by a receiver
based on first time information indicating a time at
which the transmitter transmits the transmission signal
and second time information indicating a time at which
the receiver receives the transmission signal;

calculating a second delay time indicating a time lag
between transmission of a response signal by the
receiver and reception of the response signal by the
transmitter based on third time information indicating a
time at which the receiver transmits the response signal
corresponding to the transmission signal and fourth time
information indicating a time at which the transmitter
receives the response signal; and

calculating a time difference between a time of a clock in
the transmitter and a time of a clock in the receiver based
on the calculated first delay time and the calculated
second delay time,

wherein, in the step of calculating the time difference, a
fixed delay component in the first delay time and the
second delay time is calculated as the time lag using a
logical operation without using a filter;

calculating a time lag between temporally consecutive
samples of the calculated first delay time;

accumulating the time lag between samples of the first
delay time and calculating a first shift value obtained by
shifting the accumulated value by a predetermined
value;

calculating a first difference value that is a difference value
between the calculated first delay time and the calcu-
lated first shift value;

calculating a time lag between temporally consecutive
samples of the calculated second delay time;
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accumulating the time lag between samples of the second
delay time and calculating a second shift value obtained
by shifting the accumulated value by a predetermined
value;

calculating a second difference value that is a difference
value between the calculated second delay time and the
calculated second shift value; and

calculating the time difference based on the first difference
value and the second difference value.
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